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ABSTRACT

Background: Naturally derived compounds with antioxidant and hepatoprotective potential are being
actively explored. 2',6'-Dihydroxyacetophenone (DHDA), a phenolic compound, has shown antioxidant
properties, but its role in diabetic liver injury remains inadequately investigated. Aim and objectives:
This study aimed to assess the protective effects of DHDA on diabetes-induced liver injury in a rat model.
Materials and methods: Acute toxicity was conducted by using mice. Diabetes was induced in Wis-
tar rats using streptozotocin (STZ) following nicotinamide(NA) pretreatment. Animals were divided into
four groups: normal control, diabetic control, DHDA at dose of 30 mg/kg, and DHDA at dose 60 mg/kg.
DHDA was administered orally for three weeks. Fasting blood glucose (FBG), body weight, food intake
and, water intake were evaluated. In addition, the biochemical parameters, in-Vitro antioxidant and the
histopathology of liver were analyzed. Result: 300 mg/kg is the safe dose of DHDA. DHDA significantly
reduced FBG and glycated haemoglobin (HbAlc) levels in diabetic rats. Elevated liver enzymes and oxi-
dative stress markers were markedly attenuated, while endogenous antioxidant defences were restored,
particularly at dose of 60 mg/kg. In vitro assays confirmed dose-dependent free radical scavenging activity.
Histopathological examination showed notable improvement in hepatic architecture. Conclusion: DHDA
exhibits significant antihyperglycaemic, antioxidant, and hepatoprotective effects in diabetic rats, highligh-
ting its potential as a therapeutic candidate for diabetes-associated liver injury.
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RESUMO

Contexto: Compostos de origem natural com potencial antioxidante e hepatoprotetor estdo sendo
ativamente explorados. A 2',6'-diidroxiacetofenona (DHDA), um composto fenolico, demonstrou pro-
priedades antioxidantes, mas seu papel na les@o hepdatica diabética permanece insuficientemente in-
vestigado. Objetivo: Este estudo teve como objetivo avaliar os efeitos protetores da DHDA na lesao
hepatica induzida por diabetes em um modelo de rato. Materiais e métodos: O estudo de toxicidade
aguda foi realizado em camundongos.O diabetes foi induzido em ratos Wistar utilizando estrepto-
zotocina (STZ) apos pré-tratamento com nicotinamida (NA). Os animais foram divididos em quatro
grupos: controle normal, controle diabético, DHDA na dose de 30 mg/kg e DHDA na dose de 60 mg/
kg. A DHDA foi administrada por via oral durante trés semanas. Foram avaliados a glicemia de jejum
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(GJ), o peso corporal, a ingestdo de alimentos e a ingestao de agua. Além disso, foram analisados os
parametros bioquimicos, a atividade antioxidante in vitro e a histopatologia do figado. Resultado:
A dose de 300 mg/kg foi considerada segura para o DHDA.O DHDA reduziu significativamente os
niveis de glicemia de jejum (GJ) e hemoglobina glicada (HbAlc) em ratos diabéticos. As enzimas
hepaticas elevadas e os marcadores de estresse oxidativo foram acentuadamente atenuados, enquanto
as defesas antioxidantes endogenas foram restauradas, particularmente na dose de 60 mg/kg. Ensaios
in vitro confirmaram a atividade de eliminagdo de radicais livres dependente da dose. O exame his-
topatologico mostrou melhora notdvel na arquitetura hepatica. Conclusao: O DHDA exibe efeitos
anti-hiperglicémicos, antioxidantes e hepatoprotetores significativos em ratos diabéticos, destacando
seu potencial como candidato terapéutico para lesdo hepatica associada ao diabetes.
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INTRODUCTION

Diabetes Mellitus remains one of the most
pressing global health challenges, with its pre-
valence rising steadily across developing and de-
veloped nations. Over the past three decades, the
number of adults with diabetes has almost doubled
due to changes in lifestyle, urbanization, and longer
life expectancies. (1) The great majority of cases
are type 2 diabetes, which is characterized by per-
sistent hyperglycemia brought on by either insulin
resistance, decreased insulin production, or a com-
bination of the two. Diabetes‘s metabolic impact
goes well beyond glucose dysregulation and signi-
ficantly impacts essential organs, including the li-
ver, even though its clinical consequences mostly
focus on vascular problems. Because the liver is
essential to both lipid metabolism and glucose ho-
meostasis, it is especially susceptible to long-term
metabolic problems linked to diabetes. Hepatic tis-
sues undergo biochemical and histological changes
as a result of persistent hyperglycemia‘s promotion
of oxidative stress, dyslipidemia, and inflammato-
ry reactions (2). As a result, diabetic hepatopathy
which includes cirrhosis, fibrosis, steatohepatitis,
and non-alcoholic fatty liver disease (NAFLD) is
becoming more well acknowledged as a prevalent
comorbidity among diabetes patients (3). Hepatic
problems emerge early in the course of diabetes and
may grow silently before overt clinical signs appe-
ar, according to emerging clinical and experimental
data. Despite these results, the majority of current
treatment plans concentrate on glycaemic manage-
ment and provide little defense against liver dama-
ge caused by diabetes.(3)

Many people believe that oxidative stress plays
a key role in the pathophysiology of diabetic liver
damage. Inadequate antioxidant defence combined
with excessive production of reactive oxygen species
(ROS) causes lipid peroxidation, DNA damage, pro-
tein denaturation, and mitochondrial dysfunction, all
of which compromise cellular integrity. This redox
imbalance contributes to liver damage and fibrosis
by triggering fibrogenic pathways and pro-inflam-
matory cytokines [4-6]. Hepatic structural and func-
tional degradation is also accelerated by persistent
low-grade inflammation and altered intracellular sig-
naling [7,8]. As a result, methods that address inflam-
mation and oxidative stress may present viable treat-
ment options to lessen hepatic damage brought on
by diabetes. Because of their hepatoprotective, anti-
inflammatory, and antioxidant qualities, natural pro-
ducts and bioactive chemicals produced from plants
have drawn more and more interest from researchers
as possible treatment options [6]. Particularly well-
known for their potent capacity to scavenge free ra-
dicals and alter cellular signaling pathways linked to
oxidative stress are phenolic chemicals. Additional-
ly, they show promise for enhancing mitochondrial
function, lipid metabolism, and insulin sensitivity.
DHDA, a phenolic derivative that has been isolated,
commonly found in Rutaceae like E.merrillii [7] ,
and is one of these substances that has lately come to
light as a potential bioactive molecule with pharma-
cological significance.

According to preliminary biochemical and mo-
lecular research, DHDA modulates both enzyma-
tic and non-enzymatic defense mechanisms to de-
monstrate strong antioxidant activity. Its structural
characteristics allow it to effectively neutralize free



radicals and donate hydrogen atoms [8]. Further-
more, DHDA present an antitumor activity against
mTOR mediated colorectal cancer [9]. Comprehen-
sive in vivo evaluations of DHDA in metabolic ill-
ness models, particularly those associated with dia-
betic liver injury, are still few, despite encouraging
in vitro data.

Diabetes animal models provide a crucial fra-
mework for comprehending the biochemical, cel-
lular, and molecular processes that underlie the
disease‘s progression and assessing possible treat-
ment approaches. It is well known that diabetic
rat models induced by STZ can replicate human
diabetic pathophysiology, especially in terms of
organ damage caused by oxidative stress [10-11].
Following pharmacological intervention, these mo-
dels provide controlled assessment of liver func-
tion, structural changes, and therapeutic response.
Examining DHDA in these models could help clo-
se important knowledge gaps about its molecular
function and therapeutic potential.

Many diabetics still lack the best defence against
end-organ damage, especially hepatic impairment,
despite significant advancements in pharmacother-
apy, such as insulin analogues, oral hypoglycaemic
medications, and incretin-based treatments. Safety
issues, side effects, or inadequate effectiveness in
chronic metabolic disorders frequently limit the use
of currently available hepatoprotective medications
[12,13]. This emphasizes the necessity of investiga-
ting new compounds that might concurrently protect
hepatic architecture, enhance metabolic balance, and
control oxidative stress.

Given the growing prevalence of diabetes-re-
lated liver illness worldwide and the growing un-
derstanding that the liver is a crucial target organ
in chronic metabolic dysregulation, this research is
pertinent [14,15].

In conclusion, oxidative and inflammatory me-
chanisms caused by diabetes mellitus significantly
stress the liver, resulting in increasing tissue dama-
ge and malfunction [16]. Alternative substances
with protective potential must be investigated be-
cause current therapeutic approaches do not provide
adequate organ protection. Due to its distinct phe-
nolic structure and documented biological action,
DHDA is an intriguing chemical that merits further
research. With the overarching goal of advancing
the field of hepatoprotective therapies in metabolic

illnesses [17], this study aimed to evaluate the pro-
tective effects of DHDA against diabetes induced
hepatic damage using a STZ-NA focusing on gly-
caemic control, oxidative stress modulation, liver
function and, histopathological changes.

MATERIALS AND METHODS

CHEMICALAND REAGENT

STZ 98% and NA 99.5% were procured from
Sisco Research Laboratories Pvt.Ltd (SRL)-Mum-
bai-400 099, Maharastra , India.

DHDA were procured from Avra Laboratories
Pvt.Ltd-Hyderabad-500076-Telangana -India.

EXPERIMENTAL ANIMAL

Vyas Labs, Hyderabad, Telangana-501 301,
provided Swiss Albino Mice (8 weeks aged, 20-25
g) and Wistar Rats (8 weeks, 180-190 g). They
were kept in the Animal Home of Pharmacology
Division of College of Pharmaceutical Sciences un-
der the optimal conditions of temperature ( 22°C +
1°C) and 12/12 h light/dark cycle and they were fed
with the standard food had free access of water. The
ethical approval was acquired from Institutional
Animal Ethics Committee (IAEC) (Ref : IAEC-15/
AU-Pharm/2025-26) through the Committe for the
Purpose of Control and Supervision of Experiment
on Animal (CPCSEA) guideline.

STUDY OF ACUTE TOXICITY

Acute toxicity study was performed according to
the OECD guidelines 423 ( Acute Toxic Class Meth-
od) 4 Groups ( 20000, 300,50,5 mg/kg) of 3 mices
were used and the starting dose level of DHDA was
2000 mg/kg. The mortality and morbidity was obser-
ved after 24 hours if any. Hence,1/10 and 1/5 of the
safety dose were selected for further study [18].

INDUCTION OF DIABETES AND EXPERIMENTAL
DESIGN

Diabetes was induced by STZ (pH 4,5 ; 01M in
Citrate buffer ) in a single intraperitoneal (ip) injec-
tion (40mg/kg), 15 min after ip administration of NA



(100 mg/kg) dissolved in normal saline. On 7" Day, The FBG were measured and for those who is equal or

more than 250mg/dL were kept for further study.
DN was developed for 28 days [19].

The animals were divided by 4 groups of 6 Rats:

Group | Normal control which received an oral dose of carboxymethyl cellulose (CMC) (1%) solution
Group Il Disease control which received oral dose of CMC (1%) solution

Croup Il Treatment with a low dose of DHDA (30 mg/kg, po) dissolved in CMC1%

Group IV Treatment with a high dose of DHDA (60 mg/kg, po) dissolved in CMC1%

The treatment was started on 28" days for 3 weeks. The FBG, food intake, water intake and the body
weight were monitored throughout the study .Final measurements obtained on Day 50 were used for sta-
tistical analysis and are presented in the results section. The FBG was recorded by using glucometer. At
the end of the treatment (50 th day), the blood sample were collected from jugular vein under anesthesia
for biochemical parameter,then, the animals were euthanized by cervical dislocation and the Liver were
excised for oxidative stress markers and histopathology [19].

Figure 1: Experimental design of STZ-NA induced liver injury model



ASSESSMENT OF BIOCHEMICAL PARAMETER AT
THE END OF TREATMENT (50™ DAY)

SERUM BIOCHEMICAL PARAMETER

After blood collection, the serum was sepa-
rated and analyzed for estimation of HbA1C, the
liver function such as Alkaline phosphate (ALP),
Alanine transaminase (ALT) as well as Aspartate
transaminase (AST) were also measured.

ESTIMATION OF CATALASE (CAT) ACTIVITY

CAT activity was manually recorded in Liver
tissue according to cohen et al [20].

ESTIMATION OF SUPEROXIDE DISUMUTASE
(SOD) ACTIVITY.

The recommended procedure for evaluating
superoxide dismuase (SOD) activity is performed
according to Xican Li [21].

ESTIMATION OF REDUCED GLUTATHIONE (GSH)
LEVELS

GSH levels were assessed according to the
Ellman’s method, where GSH reacts with 5,5'-di-
thiobis (2-nitrobenzoic acid) (DTNB) to generate a
yellow-colored product measurable at 412 nm [22].

ESTIMATION OF LIPID PEROXIDATION (LPO)
LEVELS

Lipid peroxidation, serving as a marker of Liv-
er damage caused by reactive species; was evaluat-
ed using the thiobarbituric acid reactive substances
(TBARS) method [23].

INVITRO ANTIOXIDANT ASSAYS

SUPEROXIDE RADICAL SCAVENGING ACTIVITY

The superoxide anion radical scavenging acti-
vity of extract was evaluated by using the riboflavin
-light NBT.[24].

HYDROGEN PEROXIDE SCAVENGING ACTIVITY

Th Hydrogen peroxide activity was determi-
ned by method of Ruch and colleagues [25].

HISTOPATHOLOGY EXAMINATION

After removing the Liver tissue, it was washed
with normal saline and fixed in 10% of Buffered
formalin. They were embedded in paraffin, stained
in haematoxylin and eosin (H and E) and ob-
served under light microscope for histopathological
change (26].Histopathological evaluation was per-
formed by a single observer who was blinded to the
treatment allocation of the experimental groups.

The scores for histopathological parameters for
liver can be explained as follows [27]:

Score 0 = no visible cell damage; Score 1 =fo-
cal cells damage on < 30% of the tissue; Score 2 =
focal cells damage on 30-50% of the tissue; Score
3 = extensive, but focalized cell lesions, more than
50%; and Score 4 =global cellular necrosis.

STATISTICAL ANALYSIS:

The data were analyzed using Graph Pad Prism
9 software.

The results were expressed as mean £ SEM (n
= 6). Kruskall-Wallis test and One-way analysis of
variance (ANOVA) followed by Tukey’s test and
Dunn’s test as a post hoc analysis. For comparisons
to the normal group, the symbols indicate: P<0.05%.
For comparisons to the disease control group, it in-
dicate : P<0.05°, P>0.05" (non significant).

RESULTS

ACUTE TOXICITY STUDY

In this research work, no signs of toxicity or
mortality were observed at a the dose of 300mg/
kg. The acute oral toxicity in mice showed that at a
dose of 300mg/kg, the phenolic compound DHDA
is safe. Hence, 1/5™ (60mg/kg) and 1/10" (30mg/
kg) of this dose were selected for further study.

EFFECT OF DHDA ON BODY WEIGHT, FOOD IN-
TAKE AND WATER INTAKE ON 50™ DAY

At the end of the treatment, the disease con-
trol group was significantly decreased (P<0.05%)
compared to the normal control group in the body
weight. However, DHDA treatment at a dose of 30
mg/kg and 60 mg/kg did not show any significant
improvement (P>0.05") compared to the disease
control group (Table 1) .



Similarly, the food intake was markedly reduced in the diabetic control group (P<0.05%) compared to
the normal control group. However, DHDA treatment at a dose of 30 mg/kg did not show a statistically
significant (P>0.05") but significant at dose of 60mg/kg (P<0,05”) compared to the disease control group
( Table 1).

The water intake was elevated in the disease control group (P<0.05*) compared to the normal control
group. However, DHDA treatment at a dose of 30mg/kg and 60mg/kg showed a significant amelioration
(P<0.05") compared to the disease control group (Table 1).

Table1. Effect of DHDA on body weight, water intake and food intake on 50* day.

Groups Body weight (g) Water intake (mL) Food Intake (g)
Normal Control 299.8+10.99 563.7+16.34 228+3.27
Disease Control 187+6.84° 905.5+8.728% 185.5+12.91°

DHDA (3omg/kg) 224416.19™ 712+2.978° 209.8+2.10™
DHDA (6omg/kg) 210.3+5.84™ 702.243.701° 221.3+1.85°

Values are presented as means £+ SD (n=6). One way ANOVA was used followed by Tukey’s multiple
test as post hoc. Test compared to Disease control Group : P<0.05° ; compared to Normal Control Group:
P<0.05%. P>0.05"(non significant)

EFFECT OF DHDA ON FBGAND HBA1CON 50™ DAY

The FBG was significantly increased in the disease control group (P<0.05*) compared to the normal
control group. Nevertheless, the DHDA treatment at a dose of 30mg/kg and 60mg/kg showed a significant
decrease (P<0.05") compared to the disease control group (Figure 2).

The HbA 1¢ was elevated in the disease control group (P<0.05*) compared to the normal control group.
The treatment DHDA with both doses resulted a significant amelioration (P<0.05) compared to the disease
control group (Figure 2).

Figure 2: Effect of DHDA on FBG and HbA1c on 50™ day.



Values are presented as means £ SD (n=6). One way ANOVA was used followed by Tukey’s multiple
test as post hoc. Test compared to Disease control Group : P<0.05° ; compared to Normal Control Group:
P<0.05%. P>0.05"(non significant).

EFFECT OF DHDA IN BIOCHEMICAL PARAMETER ON 50™ DAY
EFFECT OF DHDA ON LIVER FUNCTION ON 50™ DAY

The levels of ALP, AST showed a significant increase in the disease control group (P<0.05%), while
the ALT levels was unchanged compared to the normal control group (P>0.05"). The DHDA treatment at
both doses resulted a significant decrease in ALP and AST levels (P<0.05") compared to the disease control
group. However, the levels of ALT were non-significantly changed (P>0.05") (Table 2).

Table 2: Effect of DHDA in ALP, ALT and AST on 50* day

Animals ALP(IU/L) ALT (IU/L) AST (IU/L)
Normal Control 197.7£3,83 88.17+4.66 183.844,27
Disease Control 584.5+36,29% 102.2+2.84"™ 220.2+4,58

DHDA (3omg/kg) 234+11.93° 95.5+3.70™ 195.5+3,25°
DHDA (6omg/kg) 231.8415.31° 90.67+3.38™ 189+3.27°

Values are presented as means + SD (n=6). One way ANOVA was used followed by Tukey’s multiple
test as post hoc. Test compared to Disease control Group : P<0.05° ; compared to Normal Control Group:
P<0.05%. P>0.05"(non significant)

EFFECT OF DHDA ON OXIDATIVE STRESS IN LIVER ON 50™ DAY

MDA concentration in liver increased significantly (P<0.05*) in the disease control group; while, the
activity of CAT and SOD as well as the GSH levels were significantly (P<0.05*) decreased compared to the
normal control group. DHDA treatment at a dose of 60 mg/kg show a significant (P<0.05%) amelioration
with decrease of MDA levels and rise in CAT, GSH and SOD level compared to the disease control group.
Otherwise, DHDA treatment at 30 mg/kg did not show any amelioration (P>0.05") in the activity of CAT
and SOD as well as the GSH levels while; MDA concentration was significantly (P<0.05") ameliorated
compared to the disease control group (Table 3).

Table 3: Effect of DHDA on oxidative stress on 50™ day

ClehRe Eariulafgind SO0 Ulnfifind) (umoI/(;Sontissue) (umol/l\g[;?tissue)
Normal Control 14.6241,38 5.58+0,52 2.148+0,05 0.48+0.02
Disease Control 8.65+0,82° 2.81+0,42° 1.47+0,05% 0.96+0.03%

DHDA (3omg/kg) 11.74+0,85™ 4.45+0,43™ 1.57+0.05"™ 0.79+0.02°
DHDA (6omg/kg) 13.87+0,62° 5.16+0,44° 1.61+0.02° 0.79+0.03°

Values are presented as means + SD (n=6). One way ANOVA was used followed by Tukey’s multiple
test as post hoc. Test compared to Disease control Group : P<0.05° ; compared to Normal Control Group:
P<0.05*. P>0.05"(non significant)



IN VITRO ANTIOXIDANT STUDIES
EFFECT OF DHDA ON SUPEROXIDE RADICAL

The superoxide radical scavenging activity of DHDA increased with increasing the concentration. At
500 pg/mL, the percentage of inhibition of DHDA (77.75+0.38) was slightly lower than the Ascorbic acid
(AA) (85.72+0.95). The IC50 value of DHDA as 41.49 pg/mL while 41.81 for the AA ( Table 4). The
regression coefficient (r>= 0.98) of DHDA confirmed an excellent linear relationship between concentra-
tion and percentage inhibition, indicating dose-dependent antioxidant efficiency (Table 4).

Table 4: Effect of DHDA on superoxide radical

Concentration (i/mL) DHDA AA
100 61.46+0.74 65.58+1.19
200 65.8410.68 67.97+0.31
300 7141.32 74.2841.48
400 74.9+1.32 80.65+0.87
500 77.75£0.38 85.72+0.95
r? 0.98 0.99
ICso 41.49 41.81

Each value represents mean + SEM (n=3)
EFFECT OF DHDA ON HYDROGEN PEROXIDE SCAVENGING ACTIVITY

DHDA showed a concentration-dependent scavenging effect of hydrogen peroxide. At 10 pg/ml, the
percentage of inhibition of DHDA (58.92) was lower than the AA (89.52). The IC50 value of DHDA and
AA were 8.527 and 2.75 (table 5). The regression coefficient (R2=0.98) confirms the strong link between
concentration and percentage inhibition demonstrating a powerful hydrogen peroxide scavenger (table 5).

Table 5: Effect of DHDA on hydrogen peroxide scavenging activity

Concentration (i/mL) DHDA AA
1 12.8140,24 24.6+0.42
2 15.67+0.44 38.1+2.34
4 25.4143.10 58.1+0.27
6 33.7£0.23 72.38+0.27
8 49.61+0.44 82.86+0.27
10 58.92+3.04 89.52+0.27
r 0.98 0.95
ICs0 8.527 2,75

Each value represents mean + SEM (n=3)




HISTOLOGICAL CHANGES IN LIVER

The disease control group exhibited a marked elevation (P<0.05%) in the histopathological alteration,
including necrosis, fatty degeneration, sinusoidale dilatation and hepatocyte degeneration when compared
to the normal control group. Administration, of DHDA treatment at a dose of 60mg/kg produced a sig-
nificant improvement (P<0.05P) in these liver injury compared to the disease control group. In contrast,
DHDA treatment at a dose of 30 mg/kg produced only mild change, which not reach statistical significance

(P>0.05™) (table 6) ( figure 3).

Table 6: Histological injury score in liver

Injury total score

Groups Necrosis Fatty degeneration | Sinusoidal dilatation | Degenerated Hepatocyte
Normal control 0.4+0.24 0.4+0.24 0.24+0.2 0+0
Disease control 2.2+0.2% 2.6+0.24° 2.8+0.2° 3+0?
DHDA (3omg/kg) 1.8+£0.2™ 1.8+0.37™ 1.6+0.24" 1.4+0.24™
DHDA (6omg/kg) 140 140P 0.8+0.2° 0.8+0.2°

Values are presented as means + SD (n=6).Kruskal-Wallis test was used followed by Dunn’s test as post
hoc. Test compared to disease control Group : P<0.05° ; compared to normal Control Group: P<0.05%.

P>0.05"(non significant)

Figure 3: Histological change in liver (x10) : (A) Normal
control; (B) Disease control; (C) DHDA treatment at dose
3omg/ kg; (D) DHDA treatment at dose 60 mg /kg

fatty degeneration
necrosis

Degenerated hepatocyte
sinusoidale dilatation

DISCUSSION

Diabetes mellitus is a chronic metabolic di-
sorder with a rapidly increasing global burden, and
persistent hyperglycaemia is now well recognized
as a driver of oxidative stress, inflammation and
progressive organ damage, particularly in the liver
[28]. In the present study, diabetes was induced
using the STZ-NA model, which is widely accepted
as an experimental analogue of type 2 diabetes. NA
partially protects pancreatic B-cells from complete
destruction by STZ, resulting in moderate insulin
deficiency and chronic hyperglycaemia rather than
absolute insulin lack, as described by Szkudelski
and Masiello [29,30].

In line with the findings by Etuk and by
Masiello et al, the diabetic control animals in
our study showed marked elevations in FBG and
HbAlc, together with classical clinical features



such as anorexia, polydipsia and altered body
weight [31,32]. Treatment with DHDA produ-
ced a clear antihyperglycaemic effect. Both 30
mg/kg and 60 mg/kg doses significantly lowered
FBG and HbAlc compared with untreated dia-
betic rats, suggesting improvement in long-term
glycaemic regulation rather than a transient fall
in blood sugar. This pattern is comparable to the
glucose-lowering actions of caffeic acid, cinna-
mon extract and quercetin reported by Subash
Babu et al. and Vessal et al., respectively, in
STZ-induced diabetic rats [33,34,35]. In those
studies, the phenolic compounds not only redu-
ced blood glucose but also attenuated oxidative
stress and improved liver biochemistry. Simi-
larly, Singh et al. showed that chlorogenic acid
improved glycaemic status and hepatic markers
in diabetic animals [36]. Taken together, these
data position DHDA within the broader class of
phenolic agents with dual antidiabetic and or-
gan-protective properties. Despite this signifi-
cant correction in glycaemic indices, DHDA did
not completely normalize body weight, which
remained lower than in non-diabetic controls.
A similar dissociation between metabolic para-
meters and body weight has been reported by
Kim et al study which observed improvement
in glucose control and oxidative stress with po-
lyphenol treatment in diabetic rats without full
restoration of body weight over the treatment
period [37]. In our study, the reduction in exces-
sive water intake and better regulation of food
intake particularly at 60 mg/kg indicate a partial
correction of catabolic and osmotic symptoms,
even in the absence of full weight recovery.
This suggests that a longer treatment duration or
combination therapy may be required to reverse
established weight loss.

Biochemical evidence of hepatic invol-
vement in the diabetic state was demonstrated
by elevated AST and ALP in the disease cont-
rol group. These enzyme changes reflect hepa-
tocellular injury and disturbed bile canalicular
function, which are well documented in diabetic
hepatopathy [37]. DHDA significantly reduced
AST and ALP, especially at the higher dose, in-
dicating hepatoprotection. Comparable findings
have been reported with other antioxidants. Al-
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Enazi study demonstrated that polyphenols re-
duced liver enzymes and improved histology in
diabetic rats, while Singh et al. found that chlo-
rogenic acid protected hepatic tissue from STZ-
induced damage [36]. Aldahmash et al study
showed that biotin supplementation in STZ-in-
duced diabetic mice lowered ALT and AST and
improved histopathological scoring, supporting
the concept that antioxidant vitamins and phe-
nolic molecules can attenuate diabetes-related
hepatotoxicity [38]. In our study, ALT remained
statistically unchanged, which may indicate that
the primary lesion was oxidative and microva-
scular rather than extensive confluent necro-
sis, a pattern also observed by Hamadi et al. in
STZ-induced liver injury [39].Moreover, AST
is not exclusively liver-specific and may also
comes from extrahepatic tissues, whereas eleva-
ted ALP may reflect alterations in biliary canali-
cular function or cholestatic changes associated
with diabetes [40]. Therefore, the concurrent
elevation of AST and ALP, together without sig-
nificant ALT changes, suggests that the hepatic
injury in our model may involve mild hepatocel-
lular stress accompanied by biliary dysfunction
rather than severe hepatocyte membrane disrup-
tion [41]. The reduction of AST and ALP follo-
wing DHDA treatment nevertheless supports an
improvement in diabetes-associated hepatic and
hepatobiliary alterations.

Oxidative stress is a central mechanism lin-
king hyperglycaemia to tissue injury. Valko et
al. emphasized that prolonged ROS generation
and impaired antioxidant defence contribute
directly to cellular damage in chronic diseases
including diabetes [42]. In our study, diabetic
animals exhibited significant depletion of SOD,
CAT and GSH, accompanied by increased MDA
levels, confirming increased lipid peroxidation
and impaired redox balance.The decrease in
GSH levels represents increased utilization due
to oxidative stress while The decline in CAT
and SOD activities observed in diabetic animals
may be attributed to increased oxidative stress
caused by the overproduction of H.O2 and su-
peroxide radicals through glucose autoxidation
and protein glycation reactions [43]which leads
to the lipid peroxidation by taking an electron



from polyunsaturated fatty acid and proceed to
the formation of MDA [44,45]. DHDA,
especially at a dose of 60 mg/kg, restored anti-
oxidant enzyme activities and markedly reduced
MDA, may be due to the free radical scavengng
activity of DHDA. Also, this restoration indi-
cates potent antioxidant action in vivo . This is
consistent with the study by Bahadoran et al.,
which showed that dietary polyphenols impro-
ve antioxidant status and insulin sensitivity in
diabetic subjects and models [46], and with the
mechanistic insights of Dai & Mumper study
which  described how phenolic compounds
upregulate endogenous antioxidant defences
and scavenge free radicals [47].

Our in vitro experiments further support the
antioxidant capacity of DHDA. The compound
showed a strong superoxide scavenging activ-
ity with an IC50 comparable to ascorbic acid,
along with dose-dependent hydrogen peroxi-
de scavenging. Rezk et al. demonstrated that
2’,6’-dihydroxyacetophenone is a key antioxi-
dant pharmacophore within certain dihydrochal-
cones, providing efficient radical stabilisation
and explaining their strong antiperoxidative ef-
fects [48]. The close agreement between our in
vitro and in vivo findings suggests that DHDA’s
direct radical-neutralizing ability contributes
substantially to its hepatoprotective and antihy-
perglycaemic effects.

Histopathological observations in the pre-
sent study are also in accordance with previous
reports. In our study, diabetic control livers
showed hepatocyte degeneration, fatty change,
sinusoidal dilatation and necrotic areas, similar
to the severe lesions described by Aldahmash
et al. in STZ-induced diabetic mice, where bal-
looning degeneration, steatosis and inflamma-
tory infiltrates were prominent [38]. Treatment
with DHDA, particularly at a dose of 60 mg/
kg, markedly improved hepatic architecture and
reduced injury scores. This tissue-level recove-
ry resembles the hepatoprotective effects of na-
ringenin reported by Kapoor and Kakkar study,
which demonstrated that this flavanone redu-
ced oxidative stress, normalised mitochondrial
function and attenuated apoptotic signalling in
the livers of STZ-induced diabetic rats. Aboona-

[N

bi and co-workers likewise showed that pomeg-
ranate seed juice improved antioxidant status
and ameliorated hepatic histological changes in
STZ NA diabetic rats, reinforcing the concept
that phenolic-rich interventions can restore both
biochemical and structural integrity in diabetic
liver injury [49,50].

Overall, when our findings are viewed
alongside the published work on caffeic acid,
quercetin, naringenin, chlorogenic acid, biotin
and pomegranate polyphenols. DHDA demon-
strates a comparable profile: significant antihy-
perglycaemic action, strong antioxidant effects,
improvement in liver enzymes and histology,
and partial renal protection. The pronounced
effects at a dose of 60 mg/kg, in particular,
suggest a dose-response relationship. Future
studies should focus on defining the molecular
targets of DHDA (for example, its influence on
NF-«xB, mitochondrial pathways and insulin sig-
nalling), exploring chronic administration, and
evaluating combination strategies with standard
antidiabetic drugs. Such work will be crucial to
determine whether DHDA can progress from an
experimental phenolic compound to a viable ad-
junct in the management of diabetes-associated
hepatic and metabolic complications.

CONCLUSION

The study reveals that DHDA exerts conside-
rable hepatoprotective and antioxidant effects in
STZ-NA induced diabetic rats. Improvements in
biochemical indicators, oxidative stress markers,
glycemic control, and histological findings indica-
te that DHDA may serve as a promising treatment
candidate for controlling diabetes-associated liver
injury, with 60 mg/kg displaying the most promi-
nent protective impact.

ACKNOWLEDGMENT

The authors are grateful to Andhra University
(AU) and the College of Pharmaceutical Sciences
for providing the necessary facilities and support to
carry out this research work.



REFERENCES

10.

Asmat U, Abad K, Ismail K. Diabetes mellitus and oxi-
dative stress—A concise review. Saudi pharmaceu-
tical journal. 2016 Sep 1;24(5):547-53. doi: 10.1016/j.
]J5Ps.2015.03.013

Gonzalez P Lozano P Ros G, Solano F. Hyperglycemia
and oxidative stress: an integral, updated and cri-
tical overview of their metabolic interconnections.
International journal of molecular sciences. 2023 May
27;24(11):9352.  https://doi.org/10.3390/ijms24119352

Mohamed], Nafizah AN, Zariyantey AH, Budin S. Me-
chanisms of diabetes-induced liver damage: the role of
oxidative stress and inflammation. Sultan gaboos uni-
versity medical journal. 2016 May 15;16(2):€132. ht-
tps://doi.org/10.18295/squmj.2016.16.02.002

Weinberg Sibony R, Segev O, Dor S, Raz |. Overview of
oxidative stress and inflammation in diabetes. Journal
of diabetes. 2024 Oct;16(10):e70014. DOI: 10.1111/1753-
0407.12919

Banerjee P Caddam N, Chandler V, Chakraborty S.
Oxidative stress—induced liver damage and remode-
ling of the liver vasculature. The American Journal of
Pathology. 2023 Oct 1;193(10):1400-1. DOI: 10.1016/j.
ajpath.2023.06.002

Li S, Tan HY, Wang N, Zhang 7], Lao L, Wong CW,
et al. The role of oxidative stress and antioxidants
in liver diseases. International journal of molecular
sciences. 2015 Nov 2;16(11):26087-124. DOI: 10.3390/
ijms161125942

Ahmadpourmir H, Attar H, AsiliJ, Soheili V, Taghizadeh
SF Shakeri A. Natural-derived acetophenones: chemis-
try and pharmacological activities. Natural Products
and Bioprospecting. 2024 Dec;14(1):28. DOI: 10.1007/
$13659-024-00447-X

Pradhan S, Nautiyal V, Dubey RC. Antioxidant poten-
tial and molecular docking of bioactive compound
of Camellia sinensis and Camellia assamica with
cytochrome P450. Archives of microbiology. 2022
Jun;204(6):350. DOI: 10.1007/s00203-022-02949-Z

Awasthi A, Kumar P Srikanth CV, Sahi S, Puria R. Invitro
evaluation of Torinz and 2, 6-Dihydroxyacetophenone
in colorectal cancer therapy. Pathology & Oncology
Research. 2019 Jan 15;25(1):301-9. DOI: 10.1007/s12253-
017-0347-7

Ghanbari M, Lamuki MS, Sadeghimahalli F, Habibi E,
Mogadam MR. Oxidative stress in liver of streptozoto-
cin-induced diabetic mice fed a high-fat diet: A treat-

11.

12.

13.

14.

15.

16.

17.

18.

19.

ment role of Artemisia annua L. Endocrine Regulati-
ons. 2023;57(1):242-51. DOI: 10.2478/enr-2023-0027

Alejandra Sanchez-Mufioz M, Valdez-Solana MA, Cam-
pos-Almazan M, Flores-Herrera O, Esparza-Perusquia
M, Olvera-SanchezS, et al. Streptozotocin-Induced Ad-
aptive Modification of Mitochondrial Supercomplexes
in Liver of Wistar Rats and the Protective Effect of Mo-
ringa oleifera Lam. Biochemistry Research Internatio-
nal. 2018;2018(1):5681081. DOI: 10.1155/2018/5681081

Ozkan S, Koyutiirk M. Assessment of Liver Damage in an
Experimental Model of Streptozotocin-Induced Diabetes
in Sprague Dawley Rats: Focusing on Morphological and
Oxidative Stress Status. Medical Journal of Bakirkoy. 2025
Sep . DOI: 10.4274/BM].galenos.2025.2025.1-25

Mohamed NA, Hussein MM, Ahmed OM, Al-Jameel SS,
Al-Muzafar HM, Amin KA et al. Oleuropein ameliorates
hyperlipidemia, oxidative stress, inflammatory and liver
dysfunction biomarkers, in streptozotocin-induced dia-
betic rats. Journal of Applied Pharmaceutical Science.
2024 Sep 5;14(9):227-34. DOI: 10.7324/)APS.2024.167994

Sadoughi SD, Hosseini SM. Effects of hydroalcoholic
leaf extract of avicennia marina on apoptotic, inflam-
matory, oxidative stress, and lipid peroxidation indices
and liver histology of type 1 diabetic rats. Hepatitis
Monthly. 2020Jan 1;20(20):€104070..

Shao SC, Kuo LT, Chien RN, Hung M], Lai EC. SCLT2 in-
hibitors in patients with type 2 diabetes with non-al-
coholic fatty liver diseases: an umbrella review of sys-
tematic reviews. BM] Open Diabetes Research & Care.
2020 Dec 2;8(2). DOI: 10.1136/bmjdrc-2020-001956

Permatananda PANK, Yasa IWPS, Sumardika IW, Sa-
raswati MR, Pandit IGS, Masyeni S. The role of oxi-
dative stress and inflammation in diabetes induced
liver injury: A systematic review. Multidiscip Rev.
2025:9(1):2026019. https://doi.org/10.31893/multi-
rev.2026019

Bae CS, Lee Y, Ahn T. Therapeutic treatments for diabe-
tes mellitus-induced liver injury by regulating oxidative
stress and inflammation. Applied Microscopy. 2023 Jul
10;53(1):4. https://doi.org/10.1186/s42649-023-00089-2

Prasanna Krishna V, Sunil V, Venugopal Johnson P Eva-
luation of Acute and Chronic Toxicity studies of Etha-
nolic extract of Ficus glomerata L. Int ] of Pham Dev
and Tech. 2011;1(2):66-70.

Kpemissi M, Eklu-Gadegbeku K, Veerapur VP, Negru M,
Taulescu M, Chandramohan V, et al. Nephroprotective
activity of Combretum micranthum G. Don in cisplatin
induced nephrotoxicity in rats: In-vitro, in-vivo and in-


https://doi.org/10.3390/ijms24119352
https://doi.org/10.3390/ijms24119352
https://doi.org/10.18295/squmj.2016.16.02.002
https://doi.org/10.18295/squmj.2016.16.02.002
https://doi.org/10.31893/multirev.2026019
https://doi.org/10.31893/multirev.2026019
https://doi.org/10.1186/s42649-023-00089-2

20.

21.

22.

23,

24.

25.

26.

27.

28.

29.

silico experiments. Biomedicine & Pharmacotherapy.
2019 Aug 1;116:108961.  https://doi.org/10.1016/j.bio-
pha.2019.108961

Darkazally AZ, Alnour A, Homsi S. Troxerutin effect
on gastric ulcers induced by ketorolac in rats: Relation
with oxidative stress. Heliyon. 2024 Oct 15;10(19).

Li X. Improved pyrogallol autoxidation method: a re-
liable and cheap superoxide-scavenging assay suitable
for all antioxidants. Journal of agricultural and food
chemistry. 2012 Jun 27;60(25):6418-24. https://doi.
org/10.1021/jf204970r

Annouf YA, Al-Laham SH, Al-Shatti EY. Effect of Am-
lodipine on enteropathy induced by Indomethacin in
rats. International Journal of Current Pharmaceutical
Research. 2020;12(3):144-50. https://doi.org/10.22159/
ijCpr.2020v12i3.38329

Patil NR, Rasal VP Malabade RH. Screening of manda-
rin oil on indomethcin induced inflammatory bowel
disease in wistar rats. Indian J. Pharm. Educ. Res. 2014
Oct1;48:1-6. DOI: 10.4103/0975-1483.96624

Saeed N, Khan MR, Shabbir M. Antioxidant activity, to-
tal phenolicand total flavonoid contents of whole plant
extracts Torilis leptophylla L. BMC complementary and
alternative medicine. 2012 Nov 16;12(1):221.  https://
doi.org/10.1186/1472-6882-12-221

GULCin I, Alici HA, Cesur M. Determination of in vi-
tro antioxidant and radical scavenging activities of
propofol. Chemical and Pharmaceutical Bulletin.
2005;53(3):281-5 . https://doi.org/10.1248/cpb.53.281

Bhave AL, Bhatt JD, Hemavathi KG. Antiulcer effect of
amlodipine and its interaction with H2 blocker and
proton pump inhibitor in pylorus ligated rats. Indian
journal of Pharmacology. 2006 Nov 1;38(6):403-7. DOI:
10.4103/0253-7613.93847

Mehenni C, Atmani-Kilani D, Dumarcay S, Perrin D, Gé-
rardin P Atmani D. Hepatoprotective and antidiabetic
effects of Pistacia lentiscus leaf and fruit extracts. Jour-
nal of food and drug analysis. 2016 Jul 1;24(3):653-69
https://doi.org/10.1016/j.jfda.2016.03.002

Zheng Y, Ley SH, Hu FB. Global aetiology and epide-
miology of type 2 diabetes mellitus and its complicati-
ons. Nature reviews endocrinology. 2018 Feb;14(2):88-
98. DOI: 10.1038/541572-018-0002-2

Szkudelski T. The mechanism of alloxan and strepto-
zotocin action in B cells of the rat pancreas. Physio-
logical research. 2001 Jan 1;50(6):537-46. https://doi.
org/10.33549/physiolres.930111

13

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Masiello P Animal models of type 2 diabetes with redu-
ced pancreatic f-cell mass. The international journal
of biochemistry & cell biology. 2006 May 1;38(5-6):873-
93. https://doi.org/10.1016/j.biocel. 2005.09.007

Etuk EU. Animals models for studying diabetes melli-
tus. Agric Biol JIN Am. 2010 May 12;1(2):130-4.

Masiello P, Broca C, Gross R, Roye M, Manteghetti M,
Hillaire-Buys D, et al. Experimental NIDDM model
induced by streptozotocin and nicotinamide. Diabe-
tes. 1998;47(2):224-229. https://doi.org/10.2337/dia-
betes.47.2.224

Pari L, Karthikeyan A. Antidiabetic effect of caffeic acid
and its role on lipid peroxidation, hepatic enzymes
and histopathology in streptozotocin-induced diabetic
rats. Biomed Pharmacother. 2007;61(12):579-88.

B. Subash Babu, Alshatwi AA, Ignacimuthu S. Benefi-
cial antioxidative and antiperoxidative effect of cinna-
mon in streptozotocin-induced diabetic rats. Human
& Experimental Toxicology. 2007;26(2):103-110.

Vessal M, Hemmati M, Vasei M. Antidiabetic effects of
quercetin in streptozocin-induced diabetic rats. Com-
parative Biochemistry and Physiology Part C: Toxicolo-
gy & Pharmacology. 2003 Jul 1;135(3):357-64. https://
doi.org/10.1016/51532-0456(03) 00140-6

Singh AK, Rana HK, Sharma R. Chlorogenic acid and
hepatic protection in diabetic rats. Food Biosci. 2025,
In-Press. https://doi.org/10.1016/j.fbio.2025.106244

Kim H, Kang H, Choi Y, Park S, Kim ], Lee S. Protective
effects of dietary polyphenols on metabolic alterations
in diabetic rats. J Nutr Biochem. 2014;25(2):207-14.
DOI:10.1016/j.jnutbio.2011.10.005

Aldahmash BA, El-Nagar DM, Ibrahim KE Attenua-
tion of hepatotoxicity and oxidative stress in diabe-
tes STZ-induced type 1 by biotin in Swiss albino mice.
SaudiJournal of Biological Sciences 2016;23(2):311—317.
DOI:10.1016/.5]bs.2015.09.027

Hamadi N, Mansour A, Hassan MH, Khalifi-Touhami
F Badary OA. Ameliorative effects of resveratrol on
liver injury in streptozotocin-induced diabetic rats.
Journal of Biochemical and Molecular Toxicology.
2012;26(10):384-392.

Vroon DH, Israili ZH. Aminotransferases. In: Walker
HK, Hall WD, Hurst JW, editors. Clinical Methods: The
History, Physical, and Laboratory Examinations. 3rd ed.
Boston: Butterworths; 1990.


https://doi.org/10.1021/jf204970r
https://doi.org/10.1021/jf204970r
https://doi.org/10.22159/ijcpr.2020v12i3.38329
https://doi.org/10.22159/ijcpr.2020v12i3.38329
https://doi.org/10.1186/1472-6882-12-221
https://doi.org/10.1186/1472-6882-12-221
https://doi.org/10.1248/cpb.53.281
https://doi.org/10.1016/j.jfda.2016.03.002
https://doi.org/10.33549/physiolres.930111
https://doi.org/10.33549/physiolres.930111
https://doi.org/10.1016/j.biocel.2005.09.007
https://doi.org/10.2337/diabetes.47.2.224
https://doi.org/10.2337/diabetes.47.2.224
https://doi.org/10.1016/s1532-0456(03)00140-6
https://doi.org/10.1016/s1532-0456(03)00140-6
https://doi.org/10.1016/j.fbio.2025.106244

41.

42.

43.

44.

45.

Lowe D, Sanvictores T, Zubair M, John S. Serum Alkaline
Phosphatase: Clinical and Laboratory Perspectives. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2026

Valko M, Leibfritz D, Moncol ], Cronin MT, Mazur
M, Telser ]. Free radicals and antioxidants in nor-
mal physiological functions and human disease. The
international journal of biochemistry & cell biology.
2007 Jan 1;39(1):44-84. https://doi.org/10.1016/j.bio-
cel.2006.07.001

Maritim AC, Sanders RA, Watkins JB III. Diabetes, oxi-
dative stress, and antioxidants: a review. ] Biochem Mol
Toxicol. 2003;17(1):24-38. doi:10.1002/jbt.10058.

Aragno M, Brignardello E, Tamagno O, Boccuzzi G: De-
hydroeppiandrosterone administration prevents the
oxidative damage induced by acute hyperglycemia
in rats. ] Endocrinol 1997, 155:233-240. DOI: 10.1677/

]0€.0.1550233

Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalay-
ci O. Oxidative stress and antioxidant defense. World
allergy organization journal. 2012 Dec;5(1):9-19.
DOI: 10.1097/WOX.0b013€3182439613

14

46.

47.

48.

49.

50.

Bahadoran Z, Mirmiran P, Azizi F. Dietary polyphenols as
potential nutraceuticals in management of diabetes: a
review. Journal of diabetes & metabolic disorders. 2013
Aug13;12(1):43.https://doi.org/10.1186/2251-6581-12-43

Jin Dai, Mumper R]. Plant phenolics: Extraction, ana-
lysis and their antioxidant and anticancer properties.
Molecules. 2010;15(10):7313-7352. doi:10.3390/molecu-
les15107313.

Rezk BM, Haenen GRMM, van der Vijgh WJF, Bast A.
The antioxidant activity of phloretin: the disclosure
of a new antioxidant pharmacophore in flavonoids.
Biochemical and Biophysical Research Commu-
nications. 2002;295(1):9—13. DOIl: 10.1016/S0006-
291X(02)00618-6.

Kapoor R, Kakkar P Naringenin attenuates mitochon-
drial dysfunction and oxidative damage in streptozoto-
cin-induced diabetic liver. ] Funct Foods. 2013;5(1):313-
320. DOI: 101016/ jff.2012.11.014

Aboonabi A, Rahmat A, Othman F. Pomegranate seed
and juice improve hepatic antioxidant response and
glucose homeostasis in diabetic rats. ] Diabetes Metab
Disord. 2014;13(1):5 DOI: 10.1186/2251-6581-13-52


https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1677/joe.0.1550233
https://doi.org/10.1677/joe.0.1550233
https://doi.org/10.1097/wox.0b013e3182439613
https://doi.org/10.1186/2251-6581-12-43

